Abstract
visitation by pollinators (Assunção et al. 2014; Villamil et al. 2018 ).Yet,
57
information on their impacts on pollinators, pollen transfer and seed set is still 58 limited, and only few studies have addressed the ecological costs of ants via 59 pollinator deterrence . to perceived predation risk (Preisser et al. 2005; Sheriff & Thaler 2014) . The 76 magnitude of non-consumptive effects on pollinator and plant fitness can be 77 similar to, or higher than, that of direct consumptive effects (Preisser et al. 78 2005; Clinchy et al. 2013; Sheriff & Thaler 2014) . However, 79 the mechanism(s) by which predators influence pollinator behaviour and 80 impact on plant fitness remain entirely unknown for the majority of ant-plants 81 .
82
The few studies on the effects of ant patrolling on pollinator behaviour 83 suggest that ants can have positive or negative consequences for plant fitness.
84
For example, lower seed set in Ferocactus wislizenii plants tended by 85 aggressive ants was attributed to a three-fold reduction in pollinator visitation 86 frequency (Ness 2006) . However, this hypothesis was not experimentally 87 tested. Alternatively, an increase in fruit set in ant-patrolled plants of on Turnera velutina showed that ant corpses placed inside flowers reduce 93 pollinator visit duration (Villamil et al. 2018) . However, such an experimental (Villamil et al. 2013) . Turnera velutina is 138 a self-compatible, herkogamous species that requires pollinators for seed 139 production (Sosenski et al. 2016) . Although it flowers year-round, flowering 140 peaks during summer (Cuautle et al. 2005 ) and the entomophilous flowers last 141 one day (Sosenski et al. 2016) . Pollinator rewards are pollen and floral nectar 142 (Sosenski et al. 2016; Villamil et al. 2018 the dye dried and anthers dehisced, exposing the dyed pollen (Fig. 1b) . To period to count pollen grains received, as detailed below (Fig. 1c) . received per stigma, was tested using a Poisson mixed model (Table 1) .
Pollen dyes

251
Pollen colour allowed us to identify pollen grains received from either (Table 1) .
262
Pollen transfer dynamics were analysed using five categories to describe on pollen flow dynamics was tested using a Poisson mixed model (Table 1) honeybees were twice as long in ant-excluded plants (Z = 2.45, P = 0.05; Table   308 1; Fig. 4b ), there was no significant effect of ant patrolling on butterflies (Z = 309 1.07, P = 0.70; Table 1 ; Fig. 4b ).
Pollinator behaviour 312
Inspection behaviours differed significantly between pollinator taxa (Table 1, 313 Fig. 3c) , with butterflies being on average 15% more likely to display inspection 314 behaviours than Apis mellifera (Fig. 3c) system suggesting direct ant-pollinator conflicts (Villamil et al. 2018) , and 367 contrary to our expectations, excluding ants from plants did not affect 368 pollinator community composition (Fig. 2) , visitation frequency, pollinator 369 avoidance or inspection behaviours (Fig. 3) . However, ant exclusion increased 370 pollinator visit duration (Fig 3) , pollen load, male fitness, and selfing rates (Fig. 4 ). To our knowledge, this is the first evidence that ant patrolling can affect 372 the host plant mating system and male plant fitness. not of butterflies, (Fig. 3) seem to be driving changes in plant mating systems 420 (Fig. 4) and fitness (Fig. 5) . between plant sexual functions (Schaeffer et al. 2013; Carper et al. 2016 of pollen grains donated per flower (Fig. 5a ), suggesting that guarding ants 469 may hinder male fitness.
470
Ant exclusion changed the pollen destination, given that most pollen 471 was donated towards selfing, which contrasts with flowers from ant-patrolled 472 flowers which donated a quarter as much pollen to themselves (Fig. 5b) . flower (mean ± se) for control (black) and ant excluded (white) plants. secure allogamous pollen. (b) Photograph of dyed pollen on the anthers (dp) and 744 dp dp 
